An acylated cholestane diglycoside isolated by us from the bulbs of Ornithogalum saundersiae has garnered scientific attention because of its remarkable cytotoxicity against a variety of tumor cell culture lines and experimental animal tumors.
moyl-b -D-xylopyranosyl)-(1→2)-2-O-acetyl-a -L-arabinopyranosyl)oxy]-3b-[(b-D-glucopyranosyl
)oxy]-17a-hydroxycholest-5-en-22-one, which has already been isolated from the bulbs of O. saundersiae and reported in the preliminary communication.
1) The physical and spectral data are reported here in Table 1 and the experimental section.
Compound 2 was isolated as an amorphous solid with a molecular formula, C 54 H 80 O 21 , as determined by data of the positive-ion high-resolution (HR)-FAB-MS exhibiting an accurate [MϩNa] ϩ ion at m/z 1087.5084 and 13 C-NMR spectrum. The spectral properties of 2 were essentially analogous with those of 1 and suggestive of a cholestane glycoside closely related to 1. The presence of a 3,4-dimethoxybenzoyl group and an acetyl group in the molecule of 2 was readily identified by the 1 H-and 13 C-NMR spectra. Alkaline hydrolysis of 2 with 4% KOH in EtOH gave 3,4-dimethoxybenzoic acid and a deacylcholestane glycoside (2a), which was identical with the product produced by alkaline treatment of 1. The respective linkage positions of the acetyl and 3,4-dimethoxybenzoyl groups at C-2 of the arabinosyl and at C-2 of the xylosyl in 2 were ascertained by long-range correlations from H-2 of arabinose at d 5.55 (dd, Jϭ8.1, 5.9 Hz) to the carbonyl carbon signal of the acetyl moiety at d 169.3, and from H-2 of xylose at d 5.71 (dd, Jϭ9.0, 7.8 Hz) to the carbonyl resonance of the 3,4-dimethoxybenzoyl moiety at d 165.6 in the 1 H-detected heteronuclear multiple-bond connectivities (HMBC) spectrum of 2. Thus, 2 was formulated ) and 13 C-NMR analyses. Although the spectral features of 3 were similar to those of 1 and 2, signals for an aromatic acid ester group could not be observed in 3. Mild alkaline hydrolysis of 2 with 0.4% KOH in EtOH gave 3, together with 2a and 3,4-dimethoxybenzoic acid. The structure of 3 was shown to be 3b-
Compound 4 was shown to have the molecular formula C 38 H 62 O 13 6) a partial hydrolysate of the cholestane bisdesmoside isolated by us from Allium albopilosum bulbs, two three-proton doublet signals at d 0.94 (Jϭ6.2 Hz) and 0.93 (Jϭ6.3 Hz) assignable to Me-26 and Me-27 in the reference compound (7) were displaced by two three-proton singlet signals at d 1.75 and 1.68 due to methyl groups on a double bond in 5. All other signals appeared at almost the same positions between the two compounds. Hydrogenation of 5 over PtO 2 under an H 2 atmosphere gave 7. Accordingly, the structure of 5 was defined as (22S)-3b,22
Compound 6 was isolated as an amorphous solid. Its molecular formula was determined to be C 39 13 C-NMR data were indicative of 5 being a 24(23→ 22)abeo-cholestane diglycoside. 7) When the 1 H-and 13 C-NMR spectra of 6 were compared with those of (22S,23R)-16b ,23-epoxy-23-hydroxy-22 8) isolated by us from O. saundersiae bulbs, significant differences could be observed only in the signals due to H-18/C-18; the signals for the H-18 aldehyde proton at d 10.14 (s) and C-18 carbon at d 207.3 (CH) of the reference compound (8) were displaced by the hydroxymethyl proton signals at d 4.33 and 4.13 (ABq, Jϭ10.4 Hz) and hydroxymethyl carbon signal at d 60.4 (CH 2 ). Treatment of 8 with NaBH 4 in MeOH gave 6. The structure of 6 was determined to be (22S,23R)-16b,23-epoxy-18,23-dihydroxy-22-
The isolated compounds and some derivatives were evaluated for their cytotoxic activity against HL-60 cells. The cells were continuously treated with each sample for 72 h and the cell growth was measured by an MTT reduction assay procedure (Table 2) . 9) Compounds 1-4 exhibited very strong cytotoxic activity and were concluded to contribute to the potent cytotoxicity of crude G. candicans bulbs extract. The de- 1, 2, 2a, 3, 4, 4a, 5, 6 , and Etoposide against HL-60 Cells a)
Compounds
IC 50 (mM)
0.025
a) The cells were continuously treated with each sample for 72 h, and the cell growth was evaluated using modified MTT reduction assay. Data are mean value of three experiments each done in triplicate. b) Clinically used anticancer agent.
rivative (4a), the most simple cholestane glycoside based upon 3b,16b,17a-trihydroxycholest-5-en-22-one, was also found to show considerable cytotoxicity.
Experimental
NMR spectra were recorded on a Bruker DRX-500 (500 MHz for 1 H-NMR, Karlsruhe, Germany) spectrometer using standard Bruker pulse programs. HPLC was performed using a system comprised of a Tosoh CCPM pump (Tokyo, Japan), a Tosoh CCP PX-8010 controller, a Tosoh RI-8010 detector, a Tosoh UV-800 detector, and Rheodyne injection port. Capcell Pak C 18 columns (4.6 mm i.d.ϫ250 mm and 1.0 mm i.d.ϫ250 mm, 5 mm, Shiseido, Tokyo, Japan) were employed for HPLC. The following materials and reagents were used for cell culture and assay of cytotoxic activity: microplate reader, Inter Med Immuno-Mini NJ-2300 (Tokyo, Japan); 96-well flat-bottom plate (Iwaki Glass, Chiba, Japan); HL-60 cells (ICN Biomedicals, Costa Mesa, CA, U.S.A.); RPMI 1640 medium (GIBCO BRL, Rockville, MD, U.S.A.); and MTT (Sigma, St. Louis, MO, U.S.A.). All other chemicals used were of biochemical reagent grade.
Plant material The bulbs of G. candicans were purchased from a nursery in Heiwaen, Nara, Japan. The bulbs were cultivated, and the flowered plant was identified by one of the authors, Prof. Yutaka Sashida. A voucher of the plant is on file in our laboratory (97-7-GC-F).
Extraction and Isolation The plant material (fresh weight, 5.5 kg) was extracted with hot MeOH twice. The MeOH extract was concentrated under reduced pressure, and the viscous concentrate was partitioned between nBuOH and H 2 O. Column chromatography of the n-BuOH phase on silica gel and elution with a stepwise gradient mixture of CHCl 3 -MeOH (9 : 1; 4 : 1; 2 : 1), and finally with MeOH alone, gave four fractions (I-IV). Fraction II was subjected to column chromatography on silica gel using CHCl 3 -MeOH gradients (11 : 1; 9 : 1; 7 : 1) and MeOH, and was further divided into three fractions (IIa-IIc). Fraction IIa was chromatographed on silica gel eluting with CHCl 3 -MeOH (9 : 1) 13 C-NMR: Table 1 . Alkaline Hydrolysis of 2 Compound 2 (5.0 mg) was treated with 4% KOH in EtOH (2 ml) at room temperature for 1 h. The reaction mixture was neutralized by passage through an Amberlite IR-120B (Organo, Tokyo, Japan) and chromatographed on silica gel using CHCl 3 -MeOH-H 2 O (40 : 10 : 1) to give 2a (3.7 mg) and 3,4-dimethoxybenzoic acid (0.7 mg) . Compound 2a was identical to the product produced on alkaline hydroysis of 1 by the same method as for 2. , and MeOH to give a sugar fraction (3.5 mg) and an aglycon fraction. TLC analysis of the aglycon fraction showed that it contained several unidentified artifactual sapogenols. The sugar fraction was dissolved in H 2 O (1 ml), to which (Ϫ)-a-methylbenzylamine (5 mg) and Na[BH 3 CN] (8 mg) in EtOH (1 ml) were added. After being set aside at 40°C for 4 h, followed by addition of AcOH (0.2 ml) and evaporation to dryness, the reaction mixture was acetylated with Ac 2 O (0.3 ml) in pyridine (0. 
